In this paper, a modified symbolic computation approach is proposed. The multiple rogue wave solutions of a generalized (2+1)-dimensional Boussinesq equation are obtained by using the modified symbolic computation approach. Dynamics features of these obtained multiple rogue wave solutions are displayed in 3D and contour plots. Compared with the original symbolic computation approach, our method does not need to find Hirota bilinear form of nonlinear system.
Introduction
Many important natural sciences and engineering problems can be attributed to the study of the nonlinear partial differential equations (NPDEs) [1] [2] [3] . Therefore, the research on the exact solutions of the NPDEs has shown a very important theory and application value. At present, it has not been provided a universal and effective method for obtaining the exact solution [4] [5] [6] [7] [8] .
Since the 1950s, people put forward the concept of "soliton" in the study of nonlinear phenomena, which becomes a hot topic in nonlinear science [9] [10] [11] [12] [13] . Recently, rogue wave (a special soliton) attracts a lot of attention and appears in many important areas, such as optical fibres, Bose-Einstein condensates, super fluids and so on [14] . Rogue wave solutions of many NPDEs have been investigated based the Hirota bilinear method [15] [16] [17] [18] . These studies mainly focus on obtaining the low order rogue wave solutions. Multiple rogue waves are difficult to get, so there are few literatures on it. It is inspired by the symbolic computation approach proposed by Zha [19] , we present a modified symbolic computation approach for studying the multiple rogue wave solutions of NPDEs.
In this paper, we investigate the following generalized (2+1)-dimensional Boussinesq equation [20] α 2u 2
where u = u(x, y, t), α, β and γ are arbitrary real constants. Eq. (1) represents the propagation of gravity waves on the earth's surface. Especially the oncoming collision of the oblique wave. When α, β and γ choose different values, Eq (1) can be reduced to (1 + 1)-dimensional Boussinesq equation [21] , classical Benjamin-Ono equation [22] , (2 + 1)-dimensional Benjamin-Ono equation [23] and (2+1)-dimensional Boussinesq water equation [24] . The breathers and first-order rogue wave solutions have been obtained in Ref. [25] when α = 3β. When α = γ = −1, β = −3, the first-order lump solutions are studied in Ref. [26] . Besides, the high-order breather and lump solutions have been also presented in Ref. [20] . However, multiple rogue wave solutions have not been studied by using the symbolic computation approach. The organization of this paper is as follows. Section 2 proposes a modified symbolic computation approach; Section 3 obtains the 1-rogue wave solutions; Section 4 presents the 3-rogue wave solutions; Section 5 studies the 6-rogue wave solutions; Section 6 makes this conclusions.
Modified symbolic computation approach
In Ref. [19] , a symbolic computation approach was proposed by Zha. Multiple rogue wave solutions of many NPDEs have been discussed by using the symbolic computation approach [27] [28] [29] [30] [31] . Here, we want to make a slight adjustment to this method as follows
Step1. Make a traveling wave transformation υ = x − ωt in the following (2+1)-dimensional nonlinear system Ξ(u, u t , u x , u y , u xy , · · ·) = 0,
Eq.
(2) will become a (1+1)-dimensional equation about υ and y Ξ(u, u υ , u y , u υy , · · ·) = 0.
Step2. By Painlevé analysis, we make the following transformation
Substituting Eq. (4) into Eq. (3) and balancing the order of the highest derivative term and nonlinear term, m can be obtained. We point out that the multiple rogue wave solutions of Eq. (3) can be obtained without deriving the Hirota bilinear form, but the Hirota bilinear form is needed in the original method.
Step3. Supposing
where a m,l , b m,l and c m,l (m, l ∈ [0, 2, 4, · · · , n(n + 1)]) are unknown constants, µ and ν are the wave center.
Step4. Substituting Eq. (4) and Eq. (5) into Eq. (3) and equating all the coefficients of the different powers of υ and y to zero, the values of a m,l , b m,l and c m,l (m, l ∈ [0, 2, 4, · · · , n(n + 1)]) can be obtained. Substituting these values into Eq. (4) and Eq. (5), the corresponding multiple rogue wave solutions of Eq. (2) are derived.
1-rogue wave solutions
Based on previous literature and modified symbolic computation approach [27] [28] [29] [30] [31] , assume
Eq. (1) can be changed as
In here, we don't need to find the Hirota bilinear form of Eq. (7) . In Eq. (7), we select
where µ, ν, ζ 0 and ζ 1 are undetermined real constants. Substituting Eq. (8) into Eq. (7) and equating the coefficients of all powers υ and y to zero, we obtain
Substituting Eq. (8) and Eq. (8) into Eq. (6), the 1-rogue wave solutions for Eq. (1) can be got as
Rogue wave (10) has three extreme value points (µ, ν),
, ν).
The maximum point (µ, ν) is the peak of the rogue wave, and the minimum points (µ ± , ν) are two valleys. The centers of the peak and valleys are located on a straight line y = ν, and the two valleys are symmetric with respect to the peak. Fig. 1 shows the dynamics features of rogue wave (10) . 
where ζ i (i = 10, · · · , 24) is undetermined real constant. Substituting Eq. (11) into Eq. (7) and equating the coefficients of all powers υ and y to zero, we derive
,
Substituting Eq. (11) and Eq. (12) into Eq. (6), the 3-rogue wave solutions for Eq. (1) can be written as 
where ζ i (i = 25, · · · , 69) is undetermined real constant. Substituting Eq. (14) into Eq. (7) and equating the coefficients of all powers υ and y to zero, we obtain 
where ξ satisfies Eq. (14) and Eq. (15) . Dynamics features of 3-rogue wave solutions are shown in Figs. 6-9. When (µ, ν) = (0, 0), this is three high peaks and almost all energy of the rogue wave is located on the two peaks in Fig. 9 . when (µ, ν) = (0, 1000), (1000, 0), (1000, 1000), respectively, it is clearly that six rogue waves break apart and form a set of six 1-rogue waves in Figs. 7-9. 
Conclusion
In the paper, a modified symbolic computation approach is proposed. Compared with the original method, our method does not need to find Hirota bilinear form. As an result, the modified symbolic computation approach is applied to a generalized (2+1)-dimensional Boussinesq equation. The 1-rogue wave solutions, 3-rogue wave solutions and 6-rogue wave solutions are obtained, respectively. By selecting different values of (µ, ν), their dynamics features are shown in Figs. 1-9 . All the solutions have been put into the original equation by Mathematical software and verified to be correct.
Compliance with ethical standards
Conflict of interests The authors declare that there is no conflict of interests regarding the publication of this article.
Ethical standard The authors state that this research complies with ethical standards. This research does not involve either human participants or animals.
